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Introduction
The earliest reference to the innominate tubercle that could be found in the literature described it thus: 'a prominence, of variable size, occurs at the junction of the upper part of the neck with the greater trochanter, and is called the tubercle of the femur' (Gray, 1918) . Aside from the 'tubercle of the femur', this anatomical landmark has also been labelled as the 'cervical tubercle', 'superior cervical tubercle', 'femoral tubercle', 'innominate tubercle' and the 'third tubercle' (Frazer, 1920; Prasad et al., 1996; O'Rahilly et al., 2004; Field, 2015) (Fig. 1) . It forms the distal site of attachment of the superior band of the iliofemoral ligament, sometimes termed the 'iliotrochanteric ligament'.
There is currently not an official Terminologica Anatomica term for this structure; we suggest that "innominate tubercle" should be adopted, as it appears to have the widest currency in the literature.
There are very few books, and even fewer studies, which mention this structure, despite its growing importance as a landmark for direct anterior approach (DAA) hip arthroplasty: Williams et al. (2015) describe the innominate tubercle as a "lighthouse" for making the femoral neck cut. The DAA procedure is a minimally invasive approach which enables the joint to be accessed by moving the muscles aside along natural planes of separation. Significantly, recovery time has been shown to be shorter, and with over 300, 000 primary total hip arthroplasties per year in the USA alone (Kurtz et al., 2014) , the potential savings could be considerable. Williams et al. (2014) describe a study of a consecutive single-surgeon series of 151 patients using the innominate tubercle as a reference marker for femoral neck osteotomy during DAA hip arthroplasty. To assess the precision of the femoral neck osteotomy, discrepancy in lower limb length was used as a surrogate marker. Their results showed that the range of difference between limb lengths was -3 to +3mm with a mean of 1.7 mm, suggesting that the tubercle can be used as a reliable intra-operative marker for femoral neck osteotomy.
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This article is protected by copyright. All rights reserved. The only previous study that we were able to find in the literature (Prasad et al., 1996) investigated several prominences of the femur, including what they termed 'the superior cervical tubercle,' using 171 unpaired femora from Indian individuals assumed to be between 25 and 55 years of age. The femora were sexed by measuring the femoral heads. To determine the protuberance of the tubercle, the maximum width was measured, and then a score of 0-4 was assigned, where 0 signified that the tubercle was absent, and 4 = highly prominent. Their study was, however, limited by using unpaired femora from individuals whose age and sex were unknown, and therefore had to be estimated.
The aim of the work reported here was to improve on the study of Prasad et al. (1996) by using paired femora, from individuals with known biographical data; hence, age at death, sex and date of death were known. Using paired femora permitted analysis of possible left/right variation due, for example, to limb dominance. We investigated the variability of the innominate tubercle in an archaeological skeletal population dating from between the 18 th to the mid-19 th century, located at St. Bride's Church, London, UK. Tubercle dimensions were analysed in relation to femoral side, sex, age, femoral length, femoral neck length, and femoral neck-shaft angle. Since there is so little information on the tubercle in the literature, we aimed to provide a definitive description of the morphology of the innominate tubercle, and to establish whether the size and shape are affected by any of the aforementioned variables. It is hoped that the data presented here can be used to inform future DAA surgeries. Femoral osteotomy can vary considerably between individuals and therefore a surgeon needs to be confident that the landmark used during surgery is a reliable and dependable guide. The comprehensive survey of innominate tubercle variability presented here may also be of interest to research osteologists and forensic anthropologists.
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Materials and Methods
The crypt of St Bride's Church, London, U.K., contains 227 well-preserved skeletons dating from between 1673-1853. These individuals had been buried in lead-lined coffins, complete with name plates giving the age, date of birth and date of death. The lead lining of the coffin decelerated the process of decomposition and gave protection from environmental factors that could cause taphonomic degradation, which, together with the associated biographical data, makes this assemblage a very valuable resource for research (Bekvalac, 2012) . Of the 227 skeletons available, 79 femoral pairs were undamaged and viable; the remainder were excluded from the investigation.
Exclusion criteria included: fracture or incompleteness of the femur, gross deformity including rickets, gross damage to either end of the bone, and damage to the tubercle in either of the paired femora. Name, age and date of death for each individual had been recorded from the coffin plates.
Measurements
To eliminate the possibility of inter-observer variability, all measurements in this study were made by the same operator. All measurements were repeated three times, and the mean calculated. The maximum femoral length was defined as the straight line distance between the most superior point on the femoral head and the most distal point of the medial condyle (Pillai et al., 2014 ). An osteometric board was used to measure the length, the femur being placed horizontally with the anterior side facing upwards, ensuring that the femoral shaft was lying straight along the centre of the board. Femoral length was recorded to the nearest 1 mm.
Femoral neck-shaft angle is described as 'the angle formed by the neck axis and the femoral-shaft axis' (Arnold et al., 1997) . This was measured with a steel goniometer, making sure that the midline of the goniometer arms was lined up with the axis of the neck and shaft respectively (Fig. 2 ).
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This article is protected by copyright. All rights reserved. Osorio et al. (2012) refers to femoral neck length as the measurement from the intertrochanteric line to the inferior region of the femoral head. However, several of the femora had a cortical bone defect on the inferior aspect of the femoral heads, due either to post-mortem damage or the presence of Allen's fossa (White et al., 2012) . Therefore, the femoral neck length was measured at the mid-point of the femoral neck, from the medial border of the intertrochanteric line to the epiphyseal line, which was always clearly visible ( Fig. 2) . Since the area of damage was small in these cases it was not considered necessary to exclude these femora from the study. Measurements were taken with digital callipers, accurate to 0.01 mm.
Figure 2
The length and breadth of the tubercle were measured with the digital callipers, by placing the calliper jaws at the superior and inferior borders, and medial and lateral borders of the tubercle, respectively.
A contour gauge with a small pin size was used to measure the height of the tubercle. The femur was placed on the bench with the femoral neck parallel with the plane of the bench. The gauge was then pressed on to the tubercle, perpendicular to the long axis, so that a transverse impression was obtained (Fig. 3) . The height of the impression was then measured with the digital callipers. After each measurement the contour gauge was reset by re-aligning the pins on a flat surface.
Figure 3
Intra-rater reliability test
To assess operator reliability, the measurements on one randomly chosen femur were repeated three times on seven separate occasions. The coefficient of variance was then calculated.
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Statistical analysis
Statistical analysis was carried out using SPSS version 23.0 (IBM) to calculate the mean ± standard deviation (SD) and standard error for femoral length, femoral neck length, neck-shaft angle, and dimensions of the tubercle for males, females and combined. A paired T-test was used on tubercle dimensions on right and left sides in males and females. Significance was set at P < 0.05. Canonical correlation and multivariate multiple regression tests were used to analyse the complex relationships between the width, length and height of the tubercle and the femoral side, sex, age, femoral length, femoral neck length and femoral neck-shaft angle.
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Results
Out of the 227 skeletons at St. Bride's, 79 were in a suitable condition to be measured: 35 males and 44 females, aged from 18 to 91 years, with a mean age of 54.5 years (male) and 54.3 (female) ( Table   1) . Table 1 Tables 2-4 show the mean, SD, and standard error for males, females, and both combined. Although males had a higher mean in all variables on both sides, this was found to be not statistically significant (P>0.05). The mean right tubercle width was 9.77 ±0.25mm, and the mean left width was 9.81 ±0.23mm. Females had a larger range in left width and length of tubercle. Males had a larger range of both right and left tubercle heights, 3.66mm for the right side and 3.96mm for the left, compared to 3.46mm and 2.77mm respectively in the females. Tables 2-4 The correlation coefficient, r, of the variables was calculated and compared against right and left sides, and sex. All values were found to be insignificant (P>0. 
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Discussion
The results of this study present a detailed analysis of the variation of the innominate tubercle of the femur. There is little information about this structure in the literature, and even its name is undecided. "Innominate" may indeed be the mot juste. The presence of this structure has recently assumed a greater significance, however, because of its role as a landmark for femoral osteotomy during DAA hip arthroplasty. The paucity of information about this structure in the literature led the authors to undertake this study to endeavour to fill what we perceived as a gap in general awareness of this structure's existence and its variation in the population. In terms of discussing how our findings relate to previous studies, this presents a problem, as the only other comparable study the authors could find was that of Prasad et al. (1996) . We have, therefore, largely discussed our findings with two considerations in mind: their relevance to DAA hip arthroplasty, and their similarities or differences to Prasad et al.'s results.
Femoral side
The results reported here support Prasad et al.'s (1996) finding that prominence of the tubercle does not vary significantly between right and left sides. While Prasad et al. used unpaired femora, the paired femora in this study enabled comparison of left to right measurements in a single individual.
It might be expected to see more muscle attachment, and hence a larger tubercle, on the dominant limb, as has been seen for example, in the skeletons of the Mary Rose archers (Knüsel, 2010) . It is, however, possible that dominance is randomly distributed in the lower limb, or that the upper limb is more predisposed to this effect than the lower limb, especially in activities like archery, where there is a markedly unequal division of labour between left and right limbs. Such a discrepancy is difficult to envisage in the lower limbs of the sample population investigated here.
Sex

Page 9 of 24
Clinical Anatomy
This study found no evidence to support Prasad et al.'s (1996) finding that males had a more prominent tubercle. Although it might be intuitively supposed that men, being generally larger, heavier and stronger, would have correspondingly larger bones with more pronounced surface markings, there was no evidence of this in the sample we analysed for this study. Locating the tubercle intra-operatively in female patients should not, therefore, present any more of a challenge than in male patients. An important difference between the sample in our study compared to Prasad et al.'s is that the sex of the skeletons was known; having to establish the sex from analysis of the femoral heads (a method of uncertain accuracy) may have introduced an unconscious element of self-selection, whereby femora with more pronounced bony protuberances may have been assumed to be male.
Age
The anterior intertrochanteric line can differ widely in development, appearing to become more pronounced with age (Pope et al., 2015) . As the intertrochanteric line terminates with the innominate tubercle at its most superolateral border, it might be expected that the tubercle would follow this pattern. However, canonical correlation and multivariate multiple regression tests showed no statistical association between age and size (length, width, and height) of the tubercle in the adult skeleton. Prasad et al. (1996) were unable to correlate their measurements with the age of the subject since it is not possible accurately to age individual femora. While the functional significance of this finding may be uncertain, it does suggest that the tubercle is a relatively constant feature throughout life, making it a dependable landmark for surgery irrespective of age.
Femoral length, neck length, and neck-shaft angle
No statistical association was found between femoral length, femoral neck length, femoral neckshaft angle, and the size of the tubercle. In a study of over 8000 femora, Gilligan et al. (2013) found a
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world-wide mean neck-shaft angle of 127°, with no sex or age-related differences. The overall combined average reported here (128.5°) is higher than the 125.5° reported for England, but this may be accounted for by the reported trend for an increase in NSA to accompany a move towards urbanisation, since the population investigated here were all from London (Gilligan et al., 2013) .
Conclusion
In contrast to Prasad et al.'s (1996) study, the innominate tubercle was found to have no significant association between prominence and sex. Neither length, width, nor height of the tubercle had significant variation in males or females. However, the data support Prasad et al.'s (1996) conclusion that there was no significant association between prominence and sidedness.
Analysis of the data revealed no statistical association between age, femoral length, femoral neck 
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quite different lifestyles to a modern-day population, which may have had an effect on their skeletal morphology. Extrapolation of these results to the present day, therefore, should be treated with a degree of caution. Further investigations could be extended to a larger skeletal population including different ethnic groups. The most effective way of doing this may be to use imaging studies rather than using skeletal material due to the lack of recorded data regarding age, sex and ethnicity in most skeletal assemblages. 
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